INTRODUCTION
============

After discovery of the hepatitis C virus (HCV) more than 20 years ago, HCV infection has become a global problem which need to take a wide range of measures to control and prevention. There is a significant association between chronic hepatitis C (CHC) and the development of cirrhosis and hepatocellular carcinom in majority of the world. Approximately, 160 million chronically infected individuals and about 500000 related deaths occur in indusrtilized regions and an increasing threat in less-industrialized countries.[@B2] Toll-like receptors (TLRs), belonging to a family of pathogen recognition receptors, are an essential part of the innate immune response and can detect conserved pathogen-associated molecular pattern (PAMPs) of bacteria, parasites, fungi, protozoa components, and viruses.[@B3] The nucleotide-sensing TLRs include TLR3, TLR7, TLR8, and TLR9. TLR3 recognizes double-stranded RNA (dsRNA). TLR7 and TLR8 recognize single-stranded RNA (ssRNA), while TLR9 detects unmethylated CpG-containing DNA.[@B4] TLRs are expressed by a variety of immune and non-immune cells, such as B lymphocytes, T lymphocytes, antigen-presenting cells, and fibroblastic synoviocytes.[@B5] As well, TLR signals have been discovered in hepatitis B, hepatitis C, alcoholic liver diseases, non-alcoholic liver diseases, primary biliary cirrhosis, and more.[@B6]

TLR7 is mainly expressed in the endosome-lysosome membrane of plasmacytoid dendritic cells (pDCs), hepatic natural killer cells, and B lymphocytes. When the phagocytes take up a virus or virus-infected apoptotic cell, phogolysosome will degrade enzymes to relase viral RNA, Leading to ssRNA release and recognition by TLR7.[@B7] TLR7 is interesting in regards to HCV-infection, because its engagement leads to production of increased levels of interferon-α.[@B8],[@B9] Zhang, et al.[@B10] previously demonstrated that the HCV-specific G/U fragment is a motif sequence, recognized by TLR7 as a PAMP. The requirement for TLR7 to recognize HCV RNA was confirmed using specific inhibitors, RNAi, and by TLR7 overexpression. In addition, RNA instability, which reduces TLR7 expression, was also shown to be directly correlated with HCV replication and alterations in TLR7-induced interferon regulation factor (IRF)7-mediated cell activation. Furthermore, TLR7 has been shown to play a role in HCV-mediated evasion of host immune surveillance.[@B11] Recently, stimulation of TLR7 with the investigational drug isatoribine was shown to lead to suppression of HCV-RNA in patients with chronic HCV-infection.[@B12]

TLR9 is considered as an immune mediator candidate in HBV because it is expressed in pDCs, binds cytidine-phosphate DNA motifs that are present in viruses, and stimulates the secretion of interferon-α when activated.[@B13] The expression of TLR9 mRNA is elevated after stimulation of BV2 cells by HCV-positive serum. As well, TLR9 may increase the secretions of Th1 and Th2 cytokines so as to participate in the early inherent immune response during infection of the central nervous system by HCV.[@B14] Data also suggest that TLR9 mRNA and protein are down-regulated in peripheral blood mononucleated cells of HCV-infected patients; they are also negatively correlated with serum viral copies and play an important role in detecting viral replication of HCV. Moreover, TLR9 stimulation shows antiviral effects in HCV-infected individuals;[@B15] however, binding to TLR9 has only been demonstrated for DNA viruses and binding of HCV to TLR9 is unlikely.[@B16]

Large data supporting associations between single nucleotide polymorphisms (SNP) in TLRs and increased risk of bacteria, autoimmunity disease, and viral infection are being reported. Several studies have demonstrated an association between TLR7 gene polymorphisms and infection diseases in different populations; however, only one study showed that the TLR7 SNP rs179009 is related to susceptibility to HCV infection in Taiwanese patients in China.[@B17] Most TLR SNPs, except TLR9 SNPs, have been investigated in terms of their relationship with chronic HCV.[@B18] In the present study, we assessed the frequencies of TLR7 (rs179009) and TLR9 (rs187084) SNPs, in order to clarify the role of TLR7, TLR9 polymorphism in HCV infection.

MATERIALS AND METHODS
=====================

Study subjects
--------------

One hundred and fifty (70 females and 80 males) chronic genotype 1 HCV-infected patients who visited Renmin Hospital of Wuhan University, Hubei Province, China, from January to June 2011, were enrolled in this study. Individuals with chronic infection exhibited anti-HCV antibody and HCV-RNA in serum \>100 IU/mL before receiving any therapy. All patients had been infected with HCV for over 6 months, but were negative for HBsAg and anti-HIV. An additional 161 patients (75 females and 86 males) who exhibited spontaneous clearance of HCV patients showed anti-HCV antibody and undetectable HCV-RNA in serum (\<100 IU/mL). All patients were native Chinese living in the central part of China. None of the subjects had a history of alcohol or drug abuse. Patients did not receive antiviral or immunosuppressive therapy prior to or during the course of the study. Subjects from this study were not statistically different in age or gender. This study was approved by the Ethics Committee of the Renmin Hospital of Wuhan University, and all subjects provided informed consent. The characteristics of the subjects are listed in [Table 1](#T1){ref-type="table"}.

Genomic DNA isolation
---------------------

We isolated genomic DNA from ethylene diamine tetraacetic acid (EDTA)-blood using Genomic DNA Extraction Kits (SBS Biological Engineering Co., Ltd, Shanghai, China) according to the manufacturer\'s instructions.

Detection of TLR7 polymorphism
------------------------------

Polymorphisms of IVS2-151 (rs179009) in the TLR7 gene were detected by gene-sequencing. A 388 base-pair fragment containing the polymorphism site was amplified using TLR7-specific primers (forward 5\'-GGAGTTTGGAAAT TAGGATTATGTT-3\', reverse 5\'-ACTTTGGCAGTG AATCTATGGC-3). Polymerase chain reaction (PCR) was performed using 2×mixture containing 1.5 mM MgCl~2~, 10 mM dNTPS, 2.5 U Taq DNA polymerase (Takara Biotechnology Co., Ltd, Dalian, China), 50 ng genomic DNA, and 20 µmol of each primer at a volume of 50 µL. The amplification conditions were as follows: denaturation at 94℃ for 5 min, followed by 35 cycles of denaturation at 94℃ for 45 s, annealing at 57℃ for 45 s, and extension at 72℃ for 1 min, with a final extension at 72℃ for 5 min. The PCR products were purified using Axygen quick PCR purification kit (Axyen Biotechnology Co., Ltd, Hangzhou, China) following the manufacturer\'s instructions. Subsequently, sequencing was performed using the Bigdye terminator version 3.1 cycle sequencing kit (ABI, Foster City, CA, USA). Following the manufacturer\'s instructions on an ABI 3100 xl Analyzer (ABI, Foster City, CA, USA), the results were analyzed with ABI PRISM® Seq software® version 2.0 (ABI, Foster City, CA, USA).

Detection of TLR9 polymorphism
------------------------------

Polymorphisms of T-1486C (rs187084) in the TLR9 gene were detected by PCR restriction fragment length polymorphism (RFLP) analysis. A 419 base-pair fragment containing the polymorphic site was amplified using TLR9-specific primers (forward 5\'-CATTCATTCAGCCTTCACTC-3\'; reverse 5\'-AT GTGCTGTTCCCTCTGC-3\'). PCR was performed using a 2×mixture containing 1.5 mM MgCl~2~, 10 mM dNTP, 50 ng genomic DNA, 20 µmol of each primer, and 2.5 U Taq DNA polymerase (Takara Biotechnology Co., Ltd, Dalian, China) at a volume of 50 µL. Amplification was performed for 30 cycles with preheating at 95℃ for 5 min, followed by denaturation at 94℃ for 30 sec, annealing at 58.5℃ for 45 sec, and extension at 72℃ for 45 sec. The PCR product was incubated with the restriction enzyme AfI II (Lanheng Biotechnology Co., Ltd, Wuhan, China) for 1 h at 37℃, and the digestion products were resolved on a 3% agarose gel stained with ethidium bromide. The variant C allele produced a fragment of 419 bp; the wild-type T allele generated two fragments of 147 bp and 268 bp; and the variant T allele produced three fragments of 419 bp, 147 bp, and 268 bp. Additionally, all genotypes of TLR9 were further confirmed by direct sequencing of 20 randomly selected samples using the ABI 3100 xl Analyzer (ABI, Foster City, CA, USA).

Statistical analysis
--------------------

The statistical package for Social Science version 13 (SPSS 13.0) for Windows (SPSS Inc., Chicago, IL, USA) was used for the statistical analyses. The genotype distribution of the SNPs of TLR7 and TLR9 were tested for departure from the Hardy-Weinberg equilibrium by means of χ^2^ analysis. Statistical significance in the differences in TLR genotypes and the alleles of included cases were calculated by Pearson χ^2^ test. Odd ratios (OR) and 95% confidence intervals (95% CIs) were calculated. All *p*-values \<0.05 were considered statistically significant.

RESULTS
=======

Study population
----------------

In total, 150 cases of chronic HCV and 161 cases of spontaneous clearance of HCV were enrolled. Clinical details and the results of biochemical analysis for the subjects at the time of the study are summarized in [Table 1](#T1){ref-type="table"}.

TLR7 genotype
-------------

Distribution frequencies for different genotypes in the studied patients were compatible with the Hardy-Weinberg law. As well, Sanger sequencing was appropriate for determining the polymorphisms on TLR7 gene ([Fig. 1](#F1){ref-type="fig"}). [Table 2](#T2){ref-type="table"} shows the frequencies of genotypes of TLR7 (rs179009) in the chronic HCV infected and spontaneous clearance of HCV patients. Since TLR7 is located on an X chromosome, female and male individuals needed to be analyzed separately. In males, no significant association was found between the spontaneous clearance of HCV group and chronic HCV-infected group \[χ^2^=2.71, *p*=0.10, OR=0.58, 95% CI (0.31-1.11)\]. Among female patients in the spontaneous clearance of HCV group, 14 patients (18.67%) exhibited the GG genotype, 27 (36.00%) patients had the AA genotype, and 34 patients (45.33%) had the GC genotype. Among female patients in the chronic HCV-infected group, 7 patients (10.00%) demonstrated the GG genotype, 43 patients (61.43%) had the AA genotype, and 20 patients (28.57%) had the GA genotype. There were significant differences in the distribution of the TLR7 (rs179009) G/A polymorphism between the spontaneous clearance of HCV and the chronic HCV-infected groups in females (χ^2^=9.46, *p*=0.01). Pearson χ^2^ test showed that the AA genotype for TLR7 polymorphism in females could be a risk factor for chronicity of HCV infection \[χ^2^=9.38, *p*=0.00, OR=0.35, 95% CI (0.18-0.69)\], compared with GA and GG genotypes, whereas the AG genotype in females appears as a protective factor for chronicity of HCV infection \[χ^2^=4.61, *p*=0.03, OR=2.12, 95% CI (1.06-4.21)\], compared with AA and GG genotypes. A significant difference was also found in the comparison of the CHC and spontaneous clearance of HCV groups in terms of TLR7 IVS2-151G/A allele frequencies \[χ^2^=9.50, *p*=0.00, OR=0.46, 95% CI (0.28-0.75)\] in females.

TLR9 genotype
-------------

The PCR-RFLP method is proper for detecting polymorphisms on TLR9, which was genotyped in HCV infected patients ([Fig. 2](#F2){ref-type="fig"}). The frequencies of genotypes of TLR9 (rs187084) in the chronic HCV and spontaneous clearance of HCV groups are shown in [Table 3](#T3){ref-type="table"}. No significant differences in the frequencies of genotypes were found between the chronic hepatitis C patients and spontaneous clearance of HCV patients. Furthermore, we analyzed the relationship between the two groups in allelic frequencies of TLR9 (rs187084), and there was no significant association in frequency between them \[χ^2^=0.08, *p*=0.78, OR=1.05, 95% CI (0.76-1.43)\]. Given that regulation of innate immune response is gender dependent,[@B19] we analyzed the TLR9 polymorphism in males and females, but no statistical differences were found in the distribution frequencies of alleles or genotypes between males and females of the two groups.

Association between genotypes and liver function
------------------------------------------------

No significant associations were observed between alanine aminotransferase (ALT), aspartate aminotransferase (AST), gamma-glutamyltransferase (GGT) and TLR7 or TLR9 genotypes in chronic HCV infection and spontaneous clearance of HCV patients (*p*\>0.05).

DISCUSSION
==========

A major function of TLRs is to recognize molecular patterns and evoke efficient and immediate immune responses appropriate to the nature of the bacterial, fungal, and viral infections.[@B20] Human have 10 TLRs, distinct of them are activated in response to a given pathogen. For example, TLR2 forms a heterodimer with either TLR1 or TLR6 and binds bacterial lipoproteins. TLR4 recognizes the lipopolysaccharide of the outer membrane of Gram-negative bacteria.[@B21] TLR3 recognizes dsRNA, polyinosinic-polycytidylic acid (polyI:C), genomic RNA purified from dsRNA viruses such as retrovirus, and dsRNA produced in the course of replication of ssRNA viruses.[@B22] each TLR constitutes a class of membrane-bound pattern recognition receptors capable of detecting viral infections. TLR genetic variants and their downstream signaling molecules can influence the ability of affected individuals to respond adequately to TLR ligands, which can result in their altered susceptibility to HCV infection.[@B23] We examined the effects of TLR7 and TLR9 polymorphisms in HCV infected patients. The major findings of this study were the TLR7 IVS2-151G/A polymorphism appears to be associated with gender in HCV infection. In females, this site mutation was associated with chronic infection susceptibility in patients who had been infected by HCV. We did not find any association between TLR9 polymorphism genotypes and HCV infection in the Chinese population.

The TLR7 gene is located on the X-chromosome, spanning three exons.[@B24] The single nucleotide polymorphism at IVS2-151 of TLR7 was identified by Cheng, et al.[@B25] The polymorphism, TLR7 IVS2-151G\>A, changes the -151 nucleotide of the second intervening sequence from G to A and its function is still unclear. As HCV is a ssRNA virus, TLR7 have been thought to play a role in the immune response against HCV. In one study, TLR7 was revealed to be pivotal in HCV infection, as it can bind ssRNAs and lead to the production of large amounts of the antiviral cytokine interferon-α via dendritic cells.[@B26] The pathway of TLR7 results in translocation of IRFs and nuclear NF-κB to the nucleus where IRF stimulates expression of type I IFN and a multitude of IFN-stimulated gene products, including enzymes, transcription factors, chemokines and cytokines. The signaling receptor TLR7 is directly critical for the efficient control of virus infections.[@B27],[@B28] HCV-infected cells can also directly activate pDCs to produce IFN-I via a TLR7-mediated pathway.[@B29] Schott, et al.[@B30] assessed the role of TLR7 polymorphism in 978 patients with chronic HCV infection and in 203 healthy controls, and they found that TLR7 polymorphisms at position 32 and 2403 were associated with chronic hepatitis C. TLR7 variants were also associated with response to IFN-α therapy. In addition, they also found that the c.1-120G TLR7 allele offers protection from the development of inflammation and fibrosis in male patients with chronic HCV-infection.[@B31] Our results are different from that discovered by Wang, et al.[@B17] The different results may be caused by the subjects from different areas, as well as differences in gender and disease groups. Many studies have shown that the regulation of innate immune responses is gender dependent: for example, men are more prone to infection, while women are more likely to suffer from autoimmune disease.[@B32] In 2001, The Institute of Medicine suggested that assessments of differences in the incidence of many infectious diseases between males and females should also take into account differences in disease exposure.[@B33] Thus, the patient\'s sex needs to be taken into account when future individual risk profiles for HCV infection are generated, which may give some clues in the study of the pathogenesis of persistent HCV infection.

The TLR9 gene is located on chromosome 3p21.3 and spans approximately 5 kb. TLR9 gene has two exons, and the second one is the major coding region.[@B24] TLR9 -1237T/C (rs178084) is located within the putative promoter region that may influence transcriptional regulation of the TLR9 gene. Although TLR stimulation shows antiviral effects in HCV-infection, TLR9 has only been demonstrated to bind to DNA virus, and the binding of HCV to TLR9 is unlikely.[@B31] Numerous studies have investigated the effect of TLR9 (rs187084) on diseases, such as rheumatoid arthritis,[@B34] HBV,[@B35] and so on. However, most studies failed to show any significant associations, except in cervical cancer; one previous study found that rs187084 (T-1486C) affected susceptibility to cervical cancer in Chinese women.[@B36] In the present study, we set out to demonstrate associations between TLR9 polymorphism and the chronicity of HCV infection. However, no significant association in regards to genotype, allele frequency, and gender between patients with chronic HCV and spontaneous clearance of HCV subjects were found. Our results suggest that the TLR9 gene may not play a major role in persistent infection.

Some limitations in our study need to be addressed. First, all chronic HCV infection subjects were studied in-hospital, and thus may not be representative of the target population and inherent selection bias cannot be excluded. Second, the sample number in this study was moderate; other large population-based studies are needed to validate the findings. Third, only one SNP of TLR7/TLR9 was studied; therefore, we could not comprehensively investigate the association between SNPs of TLR7 and TLR9 and HCV infection susceptibility.
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n.v., normal values; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; PT, prothrombin time; IU, international units; CHC, chronic hepatitis C; HCV, hepatitis C virus.

^\*^*p*\<0.05 for comparison with CHC and spontaneous clearance of HCV group.
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